Immune function in infectious diseases!
The remarkable advance in our understanding of the induction and action of antibodies, complement, phagocytes and cellular immune responses has led to a resurgence of interest in the immunology of microbial and protozoal infections. It is becoming clear that immune responsiveness normally is regulated by a balanced network of helper and suppressor cells. Whilst these are triggered off by antigens of the infecting organism, the resulting immunosuppression and the immunogenetic pattern of the responding host will contribute to and serve as important determining factors in the development and course of disease. Different invading organisms have evolved different means of escape from immune control. Each infectious disease therefore needs to be studied in detail for an understanding of how protective immunity can be achieved. Characterization and isolation of the principal or protective antigen is the major goal for many investigations, though this can be defeated by antigenic variation that occurs in some viral and protozoal infections. The fact that many of these infections are extremely common and lead to a high incidence of mortality and morbidity has helped to divert a great deal of immunological expertise into studying a variety of experimental models. With this in mind a symposium was held by the Section of Clinical Immunology & Allergy in March 1980. The objectives of this meeting were to discuss basic immune mechanisms in relation to a variety of bacterial and parasitic infections.
The first presentation, given by Professor A A Glynn, related to humoral and cellular interactions in bacterial infections. He emphasized the view that the humoral and cellular immune mechanisms are interdependent and that the significance of anyone varies with the nature of the host, invading organism, and site of infection. Many of the defence mechanisms have been analysed in detail, but attempts to understand their relative importance in protection against a disease remain few. Undoubtedly the inflammatory response in the first few hours of infection is important, as was pointed out by Agarwal (1967) Whilst passive transfer of immune serum in mice induced protection, sensitized T cells gave severe necrotic lesions when the mice were challenged with the staphylococcus. When serum and cells were given together, the humoral effect predominated (Easmon & Glynn 1975b) . Passive transfer experiments before infection or before footpad challenge showed that immune serum suppressed the induction but not the expression of delayed hypersensitivity. The suppressor cells, on the other hand, acted on expression but did not prevent induction. Thus, there are at least two systems regulating the responses to staphylococcal infection (Easmon & Glynn 1977 , 1979 .
In systemic infection with Salmonella typhimurium, cell-mediated immunity is the major defence mechanism and antibodies are relatively unimportant (Collins 1974) . Unlike its effects in staphylococcal lesions, complement deficiency has no effect on salmonella infection (Medhurst Glynn, unpublished) . Apart from complement defects, inbred mouse strains differ little in their response to staphylococci. However, the LD so of S. typhimurium strain C5 given subcutaneously is 10 for Balb/c and C57BI mice, while it is 10 6 for CBA, A and C3H (Plant & Glynn 1974) . The difference is due to an autosomal Mendelian dominant gene lty situated on chromosome I, though the mechanism of control is not yet clear (Plant & Glynn 1976 , 1979 .
The predominance of the immune response of the host to Mycobacterium leprae in determining the varied clinical and pathological manifestations of leprosy was stressed by Dr R J W Rees. Leprosy is a chronic infectious disease caused by M. leprae with a predilection for skin and peripheral nerves; the bacteria reside intracellularly and predominantly within macrophages, Schwann and perineural cells and endothelial lining cells of blood vessels. The disease, as manifested in man, exhibits a very wide spectrum of clinical manifestations, ranging from a single, sometimes 1) 1981 The Royal Society of Medicine self-healing skin lesion with few bacteriatuberculoid leprosy -to a disseminated, diffusely infiltrated form with billions of bacterialepromatous leprosy. Between these two stable polar forms are interlinked a range of unstable subgroups -borderline leprosy -manifesting features of both polar types (Ridley & Jopling 1966) .
However, it was not until 1960 when Shepard first demonstrated the transmission of M. leprae to animals, using the now classical mouse footpad technique, that experimental animal models could be used to investigate whether immunological criteria were reponsible for the spectrum of clinical manifestations as seen in man. The earliest evidence indicating the role of the host, rather than M. leprae, in determining the outcome and type of infection stems from the studies of Rees (1964) which showed that the growth pattern of the bacteria in the mouse was similar, irrespective of the type of leprosy they were associated with in man. Moreover, all the strains of M. leprae evoked in the normal mouse a histopathological response resembling the borderline-tuberculoid pattern of disease seen in man (Rees et al. 1969). This uniform response in normal mice to M. leprae and their limited multiplication strongly suggested the development of immunity by the host to the infection. To test this hypothesis and on the basis that immunity to mycobacterial infection was T-cell rather than B-cell induced, the pattern of infection was studied in T-cell deficient mice. Exploiting these experimental animal models, Rees and his colleagues showed that in Tcell depleted CBA mice (following thymectomy and total body irradiation, 900 rad), inoculation with M. leprae resulted in progressive multiplication of the bacteria and an infection resembling lepromatous leprosy in man (Rees 1966) . Moreover, this progressive infection with M. leprae in T-cell depleted mice could be halted by intravenous or intraperitoneal inoculations of syngeneic lymphocytes from spleens and lymph nodes of normal or M. leprae infected CBA mice (Rees 1971 ).Syngeneiclymphocyte replacement not only resulted in curtailment of multiplication of M. leprae but also in their destruction. At the same time, all the sites of infection in the footpads and in the infected nerves were not only infiltrated by lymphocytes but by oedema, massive collagen deposition and subsequently epithelioid cell infiltration and fibrosis. Where these cellular reactions occurred in dermal and peripheral nerves, they resulted in destruction of nerve fibres and subsequent gross paralysis of the limbs involved. Furthermore, the histopathological classification of the lesions in the mice changed from lepromatous type leprosy to borderline or borderline-tuberculoid leprosy.
Thus, experimentally these various : animal models have fully demonstrated the predominance of the immune response of the host to M. leprae in determining the spectrum of clinical and pathological manifestations of leprosy as presented in man.
A general immunosuppression accompanies many infections, and is particularly profound in African trypanosomiasis (Greenwood 1974), a disease of man and cattle. Dr Brigitte Askonas discussed the many factors which contribute to the immune dysfunction observed in mice after infection with various clones of T. brucei. Infection with African trypanosomes is characterized by successive waves of blood parasites; as soon as one wave of parasitaemia is controlled by the antibody response of the host, parasites with different surface glycoprotein coats appear ('antigenic variants') and survival of the host depends on the continued ability of the host to mount an immune response. This capacity decreases with time of infection . The parasite waves are accompanied by profound cellular and functional changes in the lymphoid organs. During the early stages of infection Band T cells, as well as macrophages and null cells, proliferate in the spleen and bone marrow. This proliferation is accompanied by increased Ig synthesis. However, as the infection progresses both Band T cells become totally refractory to the normal regulatory events and lose their potential to respond to antigen mitogens and the normal control signals, such as T-cell factors (Corsini et al. 1977 ). In addition, suppressive macrophages and T cells contribute to the inability of the host to respond to antigen. However, B cells are affected in the absence of T cells, as can be shown in studies with nude mice (Clayton et al. 1979a ). The immunosuppression is not specific to the parasites as it is also found with unrelated antigens. IgG responses are inhibited first, even in the least virulent chronic infection. The suppression of the IgM response correlates with the virulence of the trypanosome clones, and thus residual IgM responses control the course of the disease, which becomes fatal only when IgM responsiveness is totally abolished . It has been possible to isolate a crude membrane fraction from killed parasites that mimics the effects of a parasite infection in several in vivo assays (Clayton et al. 1979b ). Thus the proliferative polyclonal stimulus is reflected in detection of increased numbers of Ig secreting cells, or enhanced primary responses to sheep red blood cells (SRBC). If antigenic challenge is delayed for several days after injection of the parasite membranes, primary antibody responses are suppressed. There is a good correlation between the intrinsic ability of such membrane fractions to immunosuppress and the virulence of trypanosome strains . Solubilized membrane fractions on their own do not affect the antibody response, but activity was found in soluble parasite fractions after contact with macrophages. This implicates the macrophage as an important target cell for parasite action and the mediation of immunosuppression (Grosskinsky & Askonas 1981) .
The role of antibodies and cell-mediated immunity in vaccination against the blood-stage malaria in mice was presented by Professor J H L Playfair. Mice can be protected against the asexual erythrocytic stage of malaria by vaccination, sometimes with ease (e.g. Plasmodium yoeliii and sometimes with more difficulty (e.g. P. bergheit (Playfair et al. 1977) . The major role of antibody, especially IgG, in controlling parasitaemia is well established (Cohen et al. 1961) . When challenged, vaccinated mice make up to 1000 times as much IgG as controls, and antibody levels correlate well with protection. In particular, macrophage activation both reduces antibody levels and delays recovery (Playfair & De Souza 1979) . The presence of small amounts of antibody at the time of vaccination has an even more striking effect, completely preventing both secondary antibody responses and recovery. This has obvious implications for the vaccination of human populations, where young babies are likely to have passively-derived maternal antibody, while adults in endemic areas will have antibodies of their own.
However, antiserum transferred to normal mice is relatively ineffective at preventing infection, which suggests that other changes are also required. Successfully vaccinated mice develop strong delayed hypersensitivity responses to specific antigen, as measured by ear testing (Cottrell et al. 1978) . P. yoelii appears to be a much stronger antigen than P. berghei and this may account for the observation that vaccination is less effective against the latter. P. berghei infection also causes stronger suppression of delayed hypersensitivity to unrelated antigens (e.g. oxazolone) than does P. yoetii, and indeed this type of nonspecific suppression correlated remarkably well with the virulence of the parasite (Lelchuk & Playfair 1980) . During challenge infection of vaccinated mice, delayed skin tests rapidly become negative, reflecting the deviation of infiltrating cells (both lymphoid and myeloid) first to the spleen and subsequently the liver, which can be shown to be the organs where parasites accumulate. At the time of recovery in successfully vaccinated mice, large numbers oflymphoid cells (including T cells), myeloid cells, and parasites accumulate in the liver. Splenectomy delays recovery but does not prevent it; therefore, the liver may be an important site of parasite killing (Playfair et al. 1979 , Dockrell et al. 1980 Compared to P. yoelii, P. berghei induces much less accumulation of cells in the liver and when the two infections are mixed, P. berghei inhibits the changes caused by P. yoetii. Therefore, P. berghei is not merely a weak antigen but an actively suppressive one. It will obviously be important to test whether this property is a feature of other lethal parasites, and especially of those, like the human ones, which maintain a balanced chronic infection.
In contrast to the interdependence between humoral and cellular immunity in some bacterial infections, elegant investigations of cutaneous leishmaniasis by Dr J G Howard and his colleagues suggest that resolution of the lesion is independent of antibodies. They have shown that infection of BALB/c mice with Leishmania tropica results in the development of cutaneous lesions which grow without restraint and leads to fatal metastasis and visceralization in all normal and XBM animals. AT x XBM (adult thymectomized, X-irradiated bone marrow reconstituted) BALB/c mice, however, show pronounced retardation of growth of lesions leading to some survival and even 'cures'. A similar trend was also found in moderately susceptible (BALB/c x C57BI/6) F I mice, in contrast with the 'resistant' CBA strain in which, as previously shown, AT x XBM animals showed impairment of normal, spontaneous selfhealing. These converse effects are paralleled by respective leishmania-specific delayed type hypersensitivity (DTH) reactivities and prior thymectomy leads to diminution in CBA and augmentation in BALB/c and (BALB/c x C57BI/6) F 1 (Howard et al. 1981) .
The major interstrain differences found with inbred mice are H-2 independent, for C57BI/1O congenic strains possessing the corresponding 6 H-2 antigen complexes all show early arrest of lesion growth leading to healing (H_2 S , H_2 a , H_2 k ) or mild residual disease (H-2 b , H-2 d , H-2 Q ) . Inexorable disease progression was found in congenic BALB/B, BALB/c and BALB/K alike, although it was significantly slower in the latter line when infected with smaller doses. Genetic control of BALB/c susceptibility' is largely determined by a single autosomal non-H-2-linked gene with only a minor H-2 linked regulatory influence on the later stage (Howard et al. 1980a) .
Anti-Ieishmanial DTH responses, amplifiable by cyclophosphamide pretreatment, can be detected in BALB(c mice within 10 days of infection with 2 x 10 7 promastigotes, but become near-totally suppressed by day 25-35. No such suppression is found in CBA, C57BI(6 or (BALB(c x C57BI(6) F I mice, together with varying degrees of immune control of lesion development or regression. Suppression of DTH in BALB(c mice is leishmania-specific and does not extend to DNFB or SRBC specificities. Spleen cells from suppressed L. tropica infected mice when transferred to normal BALB(c mice impaired the induction of DTH to leishmanial antigen. This property resided in the T-cell enriched and not in the T-cell depleted fraction (Howard et al. I980b) . It is argued that a potentially curative cell-mediated immune response in BALB(c mice is rendered ineffective by suppressor T-cell generation.
Professor P Porter and Dr M A Linggood postulated a new mechanism in mucosal immunity affecting virulence plasmids of Escherichia coli. A characteristic of enteropathogenic strains of E. coli is their ability to adhere to receptors in the epithelium of the upper gut of young animals. Following adhesion, rapid proliferation of the enteropathogen occurs and toxins capable of causing derangement of normal gut function accumulate and give rise to the symptoms of E. coli disease. In many enteropathogenic serotypes the vital adhesion factor has been identified as the K88 antigen, a heat-labile protein surface antigen, coded for by a transmissible plasmid (an extrachromosomal gene). The K88 protein binds to receptors in the brush borders of piglet intestinal epithelial cells. Antibodies to K88 can block attachment of E. coli both in vivo and in vitro. However, Professor Porter and his colleagues have found a new mechanism in which antibodies eliminate the plasmid coding for K88 synthesis. Antibodies to heat-stable antigens of E. coli gave rise to K88 'curing' from enteropathogenic strains both in vivo and in vitro, but neither K88 antibodies nor antibodies to the serotype specific O-antigens of the strains were involved in this phenomenon (Parry & Porter 1978 , Linggood et al. 1979 . The antibody responsible for K88 curing is not serotype specific and therefore must be stimulated by a previously uncharacterized heat-stable antigen which is common to all the enteropathogenic serotypes tested.
In these experiments the loss of the pathogen's ability to adhere to intestinal cells was due to the elimination of the determinant gene, not to the temporary suppression of its effect. Exciting new prospects are therefore opened up for decreasing the proportion of potentially pathogenic bacteria in the farm environment by vaccination.
The diversity of immune responses to different bacteria and parasites does not permit us to make any generalization concerning the host defences against infections. Nevertheless, some common factors have emerged, among which the genetic background of the host, with its potential to induce helper or suppressor functions, appears to be important in determining the outcome of an infection.
Gastric and pancreatic exocrine secretion 1
In the first session (Chairman: Mr J Alexander-Williams) tests of gastric function were considered under the main headings of tests involving a nasogastric tube and tubeless tests.
M Hobsley (London) pointed out that studies with non-absorbable markers had shown that recovery of secretion was independent of the position of the patient (semi-recumbent versus left lateral) and that the correct positioning of the nasogastric tube within the stomach could be achieved by the water recovery test without the necessity for radiographic screening. C W Venables (Newcastle) dealt with analyses for pepsin and mucus. He emphasized that pepsin measurements were sensitive to many circumstances apart from the exact method used, and that measurements of mucus that were based on sulphate were inappropriate because the mucous gel was degraded by pepsin to glycoprotein units that were not sulphated. He also made the point that luminal mucus may not represent what is happening at the mucosal surface.
Stimuli for aspiration test were considered by J H Baron (London). The 12-hour nocturnal secretion test was little used in the UK: maximal secretion was now almost universally assessed with pentagastrin (6Ilg/kg as a single intramuscular injection or 6Ilg/kg-1h-1 as an intravenous infusion); the standard insulin test used a bolus intravenous injection of 0.2 units/kg although an infusion technique was also available.
M Hobsley then discussed the correction of errors from swallowing saliva and refluxed duodenal contents in the gastric aspirate. Saliva was probably best ignored, but corrections for duodenogastric reflux could be made by measuring sodium concentration in the aspirate. R F McCloy (London) dealt with intragastric tests including his own studies' with continuous recording of simultaneous intragastric and intraduodenal pH, Malagelada's measurement of the acid response to an ingested meal using markers to label both the meal and the duodenal contents, and Fordtran and Walsh's intragastric titration of a meal. In this last technique, the liberation of acid within the stomach was deduced from the amount of alkali that had to be added to the gastric contents to keep the pH constant.
Tubeless tests reviewed by J B Elder (Manchester) included the measurement of the rate of gastric emptying of a standard breakfast labelled with radioactive indium as assessed by an external gamma camera, and the use of injected technetium99 as a marker for chloride of which the output into the stomach after pentagastrin could be picked up by external scintiscanning: this approximated the rate of acid secretion as conventionally assessed. Serum pepsinogen type I seemed to be associated with duodenal ulcer, but the measurement was difficult. Hormone-tests included the measurement of gastrin response to a meal of meat-extract, and the postprandial rise in pancreatic polypeptide (PP) which was said to be abolished after a complete vagotomy.
The second session (Chairman: Professor C G Clark) dealt with clinical applications. R I Russell (Glasgow) discussed the conditions associated with the hyposecretion of acid: pernicious anaemia, gastritis, gastric ulcer and gastric carcinoma. Pernicious anaemia was associated (except in some children) with complete achlorhydria and atrophic gastritis, and also with a complete absence of intrinsic factor. In other forms of gastritis there was a rough correlation between the severity of the histological changes and the reduction in the ability to secrete acid, but complete achlorhydria was unusual. Only a minority of patients with gastric ulcer or gastric carcinoma had a demonstrable hyposecretion, but
